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CONCERNING INACTIVATION OF VIRUSES 
IN AIR 


R. A. Dmitriev 


Institute of General and Municipal 
hygiene mena. Sysina, AMN of 
Acadesiy of Medical Sciences 
the USSR, Moscow (entered 15/11 
1972). 

Although the role of the air medium in the propagation of 
respiratory virus infections is commonly known, the mechanism 
of their transmission is still not completely studied. The 
respiratory viruses enter the air during a coughing and sneezing 
of sick people. In this case, the large drops of aerosol rapidly 
settle, while fine drops long remain suspended and are moved 
by draughts, causing illnesses In susceptible contingents. In 
connection with this, the question concerning the effect of the 
different factors of the air medium on the inactivation of viruse 










Venezuelan encephalomyelitis [5], the virus of measles [ 7 , 8 ]. 

We studied the effect of different relative humidity indices 
on the processes of inactivation of parainfluenza viruses, 
respiratory-syncytial vi:v', adenoviruses, enteroviruses and the 
virus of Neweastles's disease in the aerosol drop phase. 

experimental studies were conducted on the following models 
of viruses, the infectious activity of which was expressed in 
negative logarithms: the parainfluenza virus (type 3 ) 6 . 5 - 7.0 log 
o: ' ^50/0.2 ml* ^espiratory-synctial (strain Randall) 3-0-3.3 log 
h? "50/0.2 ml* vlrus of Newcastle's disease (strain V^) 7.0- 
7o log of I~.D ~ 0/0 2 an adenovirus of type 5 (standard 
22 f, isolated from the defecations of people, ill with infectious 

.5-7.0 log of i?D 50/0 . 2 sl ; ECHO 7.0 log of Q?D 50/0 2 ^ 


hepatitis/ 


The investigations were conducted in an experimental chamber 
500 1 in volume in which, with the aid of a Barkovsky system 
glass atomizer, for 2 min. a virus-containing liquid was dispersed 
(productivity of the atomizer, 0.37 ml/min). Samples of air in 
the amount of 20 1 were taken with the aid of a Reehmenskij 
bacterial trap after 5 and 30 min., 1, 3, 5, 7, and 2k hours 
after the dispersion of the virus suspension. 3 ml of medium 
No. 199 with antibiotics (penicillin and streptomycin) was used 
as a catching liquid in bacterial trap. 
































As the resalts of the conducted investigations showed, there 
were varying degrees of inactivation of different viruses. The 
influenza viruses and respiratory-syncytial virus were inactivated 
most rapidly in the air of the chamber, more prolonged time 
managed to detect adenoviruses, the enteroviruses and the virus 
of Newcastle's disease. Relative humidity had on the degree 
of the inactivation of viruses in aerosol and essential effect. 

Thus, adenoviruses (both strains) and the ECHO-7 virus were 
most rapidly inactivated with low indices of relative humidity. 

With humidity within the limits of 20-25 % these viruses could be 
determined in air of the chamber only for hour. On the contrary, 
average and high indices of relative humidity contributed to 
the most prolonged conservation of infectious activity of these 
viruses in air. Thus, with atmospheric humidity of 50-55? both 
viruses were detected in the chamber for 7 hours, and with humidity 
30-85? , in certain cases even for 2U hours after the creation 
of the aerosol (see the table). 

Different results were obtained during the study of dynamics 
of inactivation in air of the paragrippa and respiratory syncytial 
viruses. On one hand, they turned out to be slightly stable under 
conditions of the air medium, on the other they are less susceptible 
tc the effect of different relative humidity. The parainfluenza 
virus was inactivated most rapidly with average and high relative 
air humidity (it was detected only for 1-1 1/2 hours), while 
with low relative humidity the degree of inactivation was consider¬ 
ably lower ana the virus could be determined in the air'of the 
chamber for 5-3 hours (see the table). 

The respiratory-eyneytial virus possessed even less stability 
in an aerosol state. In air of its chamber it basically could be 
seen for 5-30 min. after the dispersion of virus suspension. With 
low relative humidity, th° titers of virus were somewhat higher 
than with average and high humidity, which testified to the favor¬ 
able effect of low humidity. With humidity within the limits 
50-55 and 80-855, respiratory-syncytial virus was determined only 
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ir. undiluted suspensions. The short period, during which 
respiratory-syncytial .Irus could be seen in the air of the 
chamber, connected, on one hand, with the high lability of this 
virus, on the other - with the low infectious titer of the 
initial virus-cental ling liquid utilized for creation of the 
aerosol (see the table). 

The virus of Newcastles's disease unlike the parainfluenza 
and respiratory-syncytial viruses possessed high stability in 
the drop phase of an aerosol and like them, was less subject 
to the effect of different relative humidity. The differences 
in the inactivation of the virus of Newcastles's disease in 
air under the action of relative humidity were insignificant 
and varied, as a rule, within the limits of 1-2 hours. However, 
the data obtained testified to the clearly expressed tendency 
toward the greatest inactivation of the virus at high and 
average relative humidity and greater stability at low humidity 
(see the table). Thus, with humidity 50-55?, the virus of 
Newcastle's disease regularly could be detected in the air for 
5-6 hours, and wit's ' ’midity 20-251 for 7 hours. Moreover, 
with low humidity t, -iter of the virus on the average after 
7 hours following dispersion of the suspension was 1.6 log 

IED 50/0.1 ml* 



It should be noted that the greatest effect of relative 
humidity developed in the first seconds and minutes of the 
existence of the virus aerosol. The differences in the 
titers of the virus in the atomized virus-containing suspension 
and the sample of air obtained after 5 min. after dispersion 
testified to this (see the table). So, under the effect of 
low relative humidity the virus ECHO-7 was inactivated to 
the greatest degree - a difference in titers of more than 
5 logarithms, for the adenoviruses this difference was —->-5 
logarithms. Under the unfavorable conditions, i.e., with 
high and average relative humidity, the difference in titers for 


5 










the parainfluenza virus reached 5 logarithms, and for the virus 
of Newcastle's disease it reached 2-3 logarithms. 

ine obtained results testified, that many viruses can long 
retain infectious activity under conditions of the air medium 
at room temperature, therefore, during a determined time they can 
constitute a threat to susceptible contingents. It is necessary 
to rote that the viruses which long retain infectious activity 
in air (adenoviruses, enteroviruses and the virus of Newcastle's 
i * Sv£s '^ settle on the surface of surrounding subjects which, 
in turn, can be a secondary source of the infection of people. 
Tnus, the dried drops of aerosol during dry retraction can be 
raised from surfaces (dust phase of aerosol) into the air and he 
moved under the effect of its currents, supporting the constant 
circulation of viruses in closed rooms. In the propagation of 
adenoviruses, enteroviruses and the virus of Newcastle's disease, 
both the drop and dust phase of aerosol, and infected surfaces 
can have oigniiicance. rarainfiuenza and respiratory—syncytial 
viruses are unstable in the external medium, and therefor# their 
propagation is connected basically with the air-drop and contact 
course of transmission. 

me most important factor of the air medium which affects 
th“ process of virus inactivation in the aerosol state is the 
relative humidity, especially in the first minutes of aerosol 
formation. During phis period, such raptors as the inactivation 
and the process of sedimentation exert the greatest effect on 
lowering in the infectious activity of viruses. However, Hiller 
ana nrtenstein [12] as showed, who marked atomized suspensions 
o* tne parainfluenza virus and adenoviruses by fluorescein, 

” s “ l '* ner ‘ sta ^ied zne cnanges in the content of color and infectious 
activity of viruses in air, lowering the quantity of'viruses 
occurred one to inactivation, and, to a lesser degree, due to 
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The mechanism of the inactivation of viruses in air, dependent 
on the average and high relative humidity, is not clear. With low 
relative humidity rapid dehydration of nucleic acids occurs, which 
as a final result leads to the inactivation of viruses in an 
aerosol state [l^j. This hypothesis was confirmed 'ey the esperi- 
aenij of Jong ana Winkler [9J on the polio virus model and its 
nucleic acid, in which it was shown that th* inactivation of 
the virus in air was primarily connected with a change in the 
structure of nucleic acid. However on the basis cf these investiga¬ 
tions it is net possible to explain the more rapid Inactivation 
of a number of viruses during high relative humidity, and 
slpiifleant stability with low. These literature, make it possible 
to BBsuae that the inactivation of viruses in air, dependent on 
its relative humidity, to a considerable extent is comiscted with 
the structure of virus particle. Thus, the r.uclesproteins Of 
myxo- and paramyxoviruses (influenza, parainfluenza, Meweasfcles's 
disease virus, respiratory-syncytial virus} are surrounded by 
a secondary shell which contains proteins. Up-ides, carbohydrates, 
and other cell components. Apparently, this shell safeguards 
viruses from the disastrous action of lew relative humidity. On 
the contrary, aderib- and enteroviruses do not have a similar 
shell, as a consequence of which, with low humidity, they rapidly 
are inactivated. Certain, confirmation of this hypothesis are 
the investigations of Benbcugh Tfll: on the model of the purified 
Sealiki virus the author has shown that the removal of protein 
and salts does not affect the stability of virus with low relative 
humidify, but accelerates its inactivation with high, while 
carbohydrates, especially incsite, raise the stability of virus 
with low humidity and do not affect infectious activity with 
high. 

viruses of in air have a determined epidemiological significance 
and should be considered In conducting various hygienic and 
disinfecting measures. 
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Conclusions, 


1* In closed living and community rooms, many viruses can long 
retain infectious activity in air. The more stable under these 
conditions are the adenoviruses, the enteroviruses and the New¬ 
castle's disease virus, but the parainfluenza viruses and 
respiratory-syncytial virus are Inactivated sufficiently rapidly. 

The relative humidity has a significant effect on the degree 
of virus inactivation in the air. 

2. Adenoviruses and enteroviruses are inactivated in the 
course of 1 hour at low relative humidity and long (for 7-2*1 
hours) retain infectious activity with high and average atmospheric 
humidity; the parainfluenza viruses, respiratory-syncytial virus and 
the virus of Newcastles's disease are inactivated most rapiuly 
with high and average relative humidity and are more stable 
with low. 

j. .ne degree of inactivation of different viruses in the 
aerosol drop phase under the efK't of relative humidity is 
connected, apparently, with the structure of virus particles. 
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StabiHtv of a number of virtues was studied under experimental conditions. Adeno¬ 
viruses, enteroviruses and vims ci Newcastle disease proved to be the most stable under con¬ 
ditions of room temperature and relative humidiH. under such conditions parainfluenza and 
TespIrstory-fynciti.il viruses were inactivated much more rapidly, A significant effect on jhe 
extent of viral inactivation in aerosol condition was produced by relative air humidity. 
At low relative air humidity adenoviruses and enteroviruses were inactivated in the course 
of one to two hours, whereas at high and moderate humidity it was possible to detect them in 
the chamber for 7 to 24 .'.ours Parainfluenza, refpiratcry-svndtl.il and Newcastle disease 
viruses were rapidly inactivated at high and medium relative air humidity, and—to a lesser 
extent—at low humidity. 

The character of inactivation of various viruses in droplet aerosol phase under the effect 
of relative humidity was apparently associated with the structure of viral particles. 





